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This research work states the temporal variations of sex ratio (SR), length-frequency distributions (LFDs), growth type 
based on length-weight relations (LWRs) and length-length relations (LLRs) of Clupisoma garua from the Ganges river of 
north-western Bangladesh. A total of 1200 specimens (male=630, female=570) were sampled using traditional fishing gears 
during May 2014 to April 2015. Then, total length (TL), standard length (SL) and fork length (FL) were taken to about 0.1 
cm, and body weight (W) was taken to 0.1 g accuracy. The overall SR (male: female=1.0:0.90) did not vary statistically 
from the expected ratio of 1:1 (df =1, χ2 = 3.00, p>0.05). However, monthly variations of SR indicate males were higher in 
each month except June-August when females were greater in percentage. The LFDs showed that in males C. garua, ranged 
from 3.8-25.9 cm TL and females 3.9-26.3 cm TL. The LFDs for both sexes did not pass the normality; and Mann-Whitney 
U-test showed significant differences between sexes (p<0.001). The overall growth pattern was negative allometric (b<3.0) 
in both sexes, although analysis of covariance (ANCOVA) reveals significant difference in LWRs between genders 
(p<0.001). The LLRs (TL vs. FL and TL vs. SL) of C. garua were highly significant (p<0.001) with all r2 values >0.975. 
Finally, the findings of this study will be helpful for fishery biologists and conservationists to recommend adequate policy 
for the sustainable fishery of C. garua in the Ganges river and surrounding ecosystem. 
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Introduction 
The garua bachcha Clupisoma garua (Hamilton, 
1822) is an essential fish species of riverine and saline 
water fisheries. The species C. garua is noted from 
Bangladesh, India, Myanmar, Nepal, and Pakistan1. 
This catfish is commonly known as Ghaura, Muribacha 
in Bangladesh, Neria, Garua Bachcha in India, Jalkapur 
in Nepal, and Chel-lee in Pakistan2. The garua bachcha 
is a favorite fish in Bangladesh for its taste and high 
market value. However, the populations of C. garua 
have seriously declined in its wild habits because of 
over-exploitation, habitat degradation and various 
ecological changes3,4,5,6,7. Therefore, the conservational 
status of C. garua has been referred as 'endanger' in 
Bangladesh and globally categorized as near-
threatened3 and vulnerable in India8. The determination 
of variations in sex ratio and growth pattern are 
essential tools for analyzing the well-being and stock of 
fish species in any habitat9,10. 
Only a few studies on C. garua population including 
length-weight relationships11, ecology12, abundance 
and diversity13, and proximate composition14 have been 
conducted. However, to the best of the knowledge, no 
published report exists on the variations of gender and 
growth pattern using 12-month data of C. garua from 
any waters, which is the major hindrance of proper 
conservational strategies of this important species. 
Therefore, the objective of this study is to illustrate 
the temporal variations of sex ratio, length-frequency 
distribution (LFDs), growth pattern based on different 
length-weight relationships (LWRs) and length-length 
(LLRs) relationships of C. garua for 12 consecutive 
months from the Ganges river of north-western (NW) 
Bangladesh.  
 
Materials and Methods 
This study was operated in the Ganges River 
(known as Padma in Bangladesh) of Bangladesh  
(Lat. 24° 65' N; Long. 88° 06' E) from May 2014 to 
April 2015. A total of 1200 specimens of C. garua 
were collected using cast net, gill net and seine net. 
After collection, fresh fish samples were potted in ice 
on site and then transferred to the laboratory of the 
Department of Fisheries, University of Rajshahi and 
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conserved in 10% buffered formalin for further 
laboratory analysis. Firstly, specimens were sexed by 
the gonad observation under light microscope. Then, 
total length (TL), standard length (SL) and fork length 
(FL) for each individual were taken to about 0.1 cm 
by digital slide calipers, and overall body weight (W) 
was taken using a digital balance with 0.1 g accuracy.  
The relation of different body length and mass 
were taken by the equation: W= a×Lb, where W is the 
total body weight (g), L the total length (cm), a and b 
are the parametric quantity of regression analysis. 
Based on linear equation: ln(W) = ln(a) + b ln(L), the 
analyses of the parametric quantity of a and b of the 
LWRs were assessed. In addition, statistical 
significance levels of r2 (coefficient of determination) 
were estimated by the 95% confidence intervals of a 
and b. The LLRs (TL vs. SL, and TL vs. FL) were 
calculated using linear regression15. Moreover, a chi-
square test for the determination of the sex-ratio 
deviation was carried out as of the anticipated value of 
1:1 (male: female). The LFD for both the gender was 
made using 1 cm intervals of TL. Graph-Pad Prism  
6.5 software was used for the statistical analysis. For 
normality test of this data, series visual assessment of 
histograms and Shapiro-Wilk normality test were done. 
Moreover, analysis of co-variance (ANCOVA) was 
applied to determine any significant difference of 
LWRs between sexes. Statistical analyses were 
considered significant level at 5% (p<0.05). 
 
Results  
For this study, a total 1200 (male=630 and 
female=570) individuals of C. garua were sampled 
where 52.5% were males and 47.5% females. The 
calculated overall sex ratio (male: female=1.0:0.90) 
did not vary statistically from probable ratio of 1:1  
(df =1, χ2 = 3.00, p>0.05) (Table 1). The sex ratio 
stated that in every case male population was larger in 
portion than female, except 3.6-5.5 and 21.6-27.5 cm 
TL group (Table 1 and Fig. 1). In addition, monthly 
variations of catching individuals in number indicate 
males were higher every month except June-August 
(Fig. 2). 
Descriptive statistics for total length and body 
weight measurements of C. garua are demonstrated in 
Table 2. The LFDs showed that the smallest and 
largest specimens were 3.8-25.9 cm in TL for male 
and 3.9-26.3 cm in TL for female populations of  
C. garua, respectively (Fig. 3). Both male (23.7%) and 
female (21.9%) populations were leading group in 
15.0-16.99 cm TL (Fig. 3). The LFDs for both sexes 
did not pass the normality (Shapiro-Wilk normality 
test; p>0.05), but Mann-Whitney U-test showed 
significant differences in the LFDs between sexes 
Table 1 — Number of male, female and sex ratio (male:female = 1:1) of Clupisoma garua (Hamilton, 1822) in the Ganges river of 
northern Bangladesh 
Total length class 
(cm) 
Number of specimen Sex ratio 
(Male/Female) 
χ
2 
(df=1) 
Significance 
Male Female Total 
3.6-5.5 2 3 5 1:1.50  0.20  ns 
5.6-7.5 9 3 12 1:0.33  3.00  ns 
7.6-9.5 18 9 27 1:0.50  3.00  ns 
9.6-11.5 43 30 73 1:0.70  2.32  ns 
11.6-13.5 70 49 119 1:0.70  3.71  ns 
13.6-15.5 120 97 217 1:0.81  2.44  ns 
15.6-17.5 137 116 253 1:0.85  1.74  ns 
17.6-19.5 92 88 180 1:0.96  0.09  ns 
19.6-21.5 75 63 138 1:0.84  1.04  ns 
21.6-23.5 36 60 96 1:1.67  6.00  * 
23.6-25.5 26 41 67 1:1.58  3.36  ns 
25.6-27.5 2 11 13 1:5.50  6.23  * 
Overall 630 570 1200 1.0 : 0.90 3.00 ns 
ns, not significant; *significant at 5% level (χ
2 = 3.84) 
 
 
Fig. 1 — Length basis sex ratio variations of Clupisoma garua in 
the Ganges river of north-western Bangladesh 
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(Mann-Whitney U=155191, p<0.001). In addition, the 
body weight frequency distribution reveals that fishes 
were not normally distributed (Shapiro-Wilk 
normality test, p>0.05) and Mann-Whitney U-test 
showed that there was significant difference in body 
weight frequency between genders (Mann-Whitney-
U=156771, p<0.001). 
Individual sampling sizes (n), regression 
parameters and 95% confidence intervals for a and  
b of the LWRs, (TL vs. BW) coefficients of 
determination (r2) and growth type of C. garua are 
demonstrated in Table 3 and Figure 4. The overall 
growth type is negative allometric (b<3.0) in both sexes 
(Figure 4), and analysis of covariance (ANCOVA) 
 
 
Fig. 2 — Monthly variations of sex ratio for Clupisoma garua in 
the Ganges river of north-western Bangladesh 
Table 2 — Descriptive statistics on the total length (cm) and body weight (g) measurements of Clupisoma garua (Hamilton, 1822) in the 
Ganges river of north-western Bangladesh during May 2014-April 2015 
Month Sex n TL (cm) W (g) 
   Min Max Mean ± SD 95% CL Min Max Mean ± SD 95% CI 
May M 53 15 21.9 17.72±1.92 17.19-18.25 26.5 72.7 41.83±12.01 38.52-45.14 
 F 47 15 21.6 17.66±1.73 17.15-18.17 26.6 69.1 40.28±11.22 36.99-43.58 
June M 50 14.2 25.5 19.74±3.08 18.87-20.60 17.6 108.6 54.03±23.27 47.42-60.64 
 F 50 14.4 25.9 20.43±3.21 19.52-21.34 19.6 105.2 56.92±23.82 50.15-63.69 
July M 53 14.4 25.9 19.75±3.26 18.85-20.64 19.5 106.7 52.83±24.26 46.14-59.52 
 F 47 14.3 26.3 21.10±3.44 20.09-22.11 20.1 125.4 66.37±29.50 57.71-75.03 
August M 42 13.5 24.5 18.24±3.13 17.26-19.21 18.0 99.8 46.43±23.39 39.15-53.72 
 F 58 14.6 26.2 20.47±3.30 19.60-21.34 20.4 125.3 62.75±27.68 55.47-70.03 
September M 61 3.8 19.9 11.39±3.81 10.41-12.37 0.9 89.9 25.65±21.11 20.25-31.06 
 F 39 3.9 19.9 11.46±3.86 10.21-12.71 1.0 92.5 26.51±24.79 18.48-34.54 
October M 58 7.3 25.2 13.46±4.29 12.33-14.59 2.8 95.4 20.50±21.42 14.87-26.13 
 F 48 7.5 24.7 14.64±4.89 13.22-16.06 3.0 93.6 27.10±26.06 19.53-34.66 
November M 56 10.0 25.1 15.61±3.96 14.55-16.67 6.1 95.1 27.20±21.58 21.42-32.98 
 F 44 10.2 25.3 16.48±4.53 15.10-17.86 6.0 95.2 32.48±25.60 24.70-40.27 
December M 48 10.7 23.8 16.06±3.75 14.98-17.15 7.5 85.7 29.83±20.92 23.73-35.90 
 F 52 11.0 25.1 16.76±4.14 15.61-17.91 8.8 110.1 35.20±28.15 27.37-43.04 
January M 55 11.2 25.2 15.98±3.08 15.15-16.82 9.3 91.1 27.09±17.49 22.36-31.82 
 F 45 11.9 25.8 16.51±3.34 15.51-17.51 10.0 97.7 30.20±20.62 24.01-36.40 
February M 52 11.5 22.8 15.53±2.64 14.79-16.26 9.7 73.2 26.44±14.06 22.52-30.35 
 F 48 12.2 23.3 16.05±2.77 15.25-16.85 11.4 73.9 27.65±13.99 19.59-31.71 
March M 51 14.2 23.5 17.73±2.31 17.08-18.38 19.5 75.9 38.86±13.22 35.14-42.57 
 F 49 14.2 24.6 18.0±2.63 17.24-18.75 18.2 85.3 39.80±15.91 35.23-44.37 
April M 52 13.5 22.1 17.27±2.15 16.67-17.87 16.5 69.8 36.02±12.79 32.46-39.58 
 F 48 14.1 23.5 17.87±2.59 17.12-18.62 18.9 79.1 39.53±15.17 35.12-43.94 
n, sample size; M, male; F, female; TL, total length (cm) W, body weight (g); min, minimum; max, maximum, SD, standard deviation; 
CI, confidence intervals 
 
 
Fig. 3 — Length-frequency distributions of Clupisoma garua in 
the Ganges river of north-western Bangladesh 
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reveals significant difference in LWRs between  
sexes (p<0.001). Moreover, the relations as TL vs.  
FL and TL vs. SL of C. garua were highly  
significant (p<0.001) and most of the coefficients of 
determination values were >0.975 (Tables 4 and 5). 
 
Discussion 
The disparity of sex ratio from a 1:1 is not 
anticipated for ultimate aquatic species, though some 
shrimp populations may show a strong difference16. 
During this study, out of the 1200 specimens, the 
overall sex ratio was 1:0.90 (male: female) and 
showed no significant differences from the probable 
value of 1:1, and was similar to that reported by 
Siddik, et al.,11. Also, monthly variations of sex 
numbers of this species indicate that females were 
dominated only in the month of June-August, may be 
for spawning period. 
For the study, 1200 specimens were sampled with 
various body sizes but it was difficult to collect fishes 
<3.8 cm and >26.3 cm in TL, due to type of gear 
selection or fishermen did not go where larger fishes 
exist17. Also, size differences may occur due to 
variations in environmental factors, i.e., water 
temperature  and  food  availability18.  In  this  study,  
Table 3 — Descriptive statistics and estimated parameters of the length-weight relationships (W=a×TLb) of Clupisoma garua  
(Hamilton, 1822) in the Ganges river of north-western Bangladesh during May 2014-April 2015 
Month Sex n Regression parameters 95% CI of a 95% CI of b r2 GT 
   a b     
May M 53 0.0295 2.52 0.0221-0.0395 2.41-2.62 0.980 -A 
 F 47 0.0189 2.66 0.0142-0.0251 2.56-2.76 0.985 -A 
June M 50 0.0060 3.03 0.0047-0.0078 2.94-3.11 0.991 I 
 F 50 0.0147 2.72 0.0115-0.0189 2.64-2.80 0.980 -A 
July M 53 0.0084 2.91 0.0067-0.0104 2.84-2.98 0.992 -A 
 F 47 0.0092 2.89 0.0068-0.0123 2.80-2.99 0.988 -A 
August M 42 0.0070 3.00 0.0051-0.0095 2.90-3.11 0.987 I 
 F 58 0.0108 2.85 0.0082-0.0142 2.76-2.94 0.986 -A 
September M 61 0.0303 2.69 0.0271-0.0339 2.64-2.73 0.996 -A 
 F 39 0.0203 2.83 0.0188-0.0220 2.80-2.87 0.998 -A 
October M 58 0.0100 2.84 0.0082-0.0122 2.76-2.91 0.990 -A 
 F 48 0.0087 2.89 0.0069-0.0109 2.81-2.98 0.989 -A 
November M 56 0.0097 2.83 0.0081-0.0116 2.76-2.90 0.993 -A 
 F 44 0.0088 2.87 0.0073-0.0106 2.80-2.93 0.994 -A 
December M 48 0.0050 3.07 0.0041-0.0059 3.01-3.14 0.995 +A 
 F 52 0.0044 3.12 0.0036-0.0053 3.05-3.19 0.993 +A 
January M 55 0.0098 2.82 0.0079-0.0122 2.74-2.90 0.989 -A 
 F 45 0.0088 2.87 0.0069-0.0111 2.78-2.95 0.990 -A 
February M 52 0.0076 2.95 0.0056-0.0103 2.83-3.06 0.983 -A 
 F 48 0.0135 2.72 0.0097-0.0188 2.76-2.84 0.979 -A 
March M 51 0.0278 2.51 0.0203-0.0380 2.40-2.62 0.977 -A 
 F 49 0.0213 2.59 0.0154-0.0296 2.48-2.70 0.978 -A 
April M 52 0.0090 2.90 0.0074-0.0110 2.83-2.96 0.993 -A 
 F 48 0.0217 2.59 0.0179-0.0265 2.52-2.66 0.992 -A 
n, sample size; M, male; F, female; a, b are length-weight relationships parameter; CI, confidence intervals; GT, growth type; -A, 
negative allometric growth; I, isometric growth; +A, positive allometric growth 
 
 
 
Fig. 4 — Length-weight relationships of Clupisoma garua in the Ganges river of north-western Bangladesh 
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Table 4 — Descriptive statistics and estimated parameters of total length and fork length relationships (TL=a+b × FL) of Clupisoma 
garua (Hamilton, 1822) in the Ganges river of north-western Bangladesh during May 2014-April 2015 
Month Sex n Regression parameters 95% CI of a 95% CI of b r2 
   a b    
May M 53 0.0773 1.4409 -0.3697 to 0.5224 1.1553-1.1153 0.992 
 F 47 0.5722 1.1006 -0.1554 to 1.1472 1.0539-1.1472 0.981 
June M 50 -0.0516 1.1515 -0.6923 to 0.5892 1.1146-1.1884 0.9880 
 F 50 -0.2241 1.1624 -0.7859 to 0.3378 1.1311-1.1936 0.991 
July M 53 -0.6380 1.1987 -1.3431 to 0.0671 1.1577-1.2397 0.985 
 F 47 -0.0557 1.1559 -0.6820 to 0.5707 1.1222-1.1897 0.991 
August M 42 -1.5678 1.2465 -2.2006 to -0.9351 1.2072-1.2859 0.990 
 F 58 0.0617 1.1506 -0.4224 to 0.5459 1.1236-1.1776 0.992 
September M 61 -0.0064 1.1516 -0.1519 to 0.1394 1.1376-1.1655 0.998 
 F 39 -0.1497 1.1576 -0.3095 to 0.0100 1.1425-1.1727 0.998 
October M 52 0.2510 1.1191 -0.0083 to 0.51030 1.0982-1.1401 0.995 
 F 48 -0.3899 1.1782 -0.6420 to -0.1378 1.1594-1.1971 0.997 
November M 56 0.6097 1.1021 0.3390 to 0.88040 1.0829-1.1213 0.996 
 F 44 0.3964 1.1110 0.1026 to 0.69020 1.1003 -1.1397 0.997 
December M 48 -0.8920 1.2197 -1.1032 to -0.6808 1.2049-1.2346 0.998 
 F 52 -0.5242 1.1890 -0.8294 to -0.2190 1.1686-1.2095 0.996 
January M 55 0.5151 1.1085 0.0603 to 0.96980 1.0765-1.1405 0.989 
 F 45 -0.1640 1.1602 -0.5111 to 0.18310 1.1365-1.1839 0.997 
February M 52 0.2744 1.1143 -0.0694 to 0.61820 1.0895-1.1390 0.994 
 F 48 0.3911 1.1111 -0.0260 to 0.80830 1.0819-1.1402 0.992 
March M 51 -0.3721 1.1678 -0.8850 to 0.14080 1.1350-1.2006 0.991 
 F 49 -1.1594 1.2056 -1.6649 to -0.65390 1.1740-1.1771 0.992 
April M 52 0.9830 1.0821 0.4594 to 1.50670 1.0476-1.1166 0.988 
 F 48 -0.7748 1.1885 -1.3291 to -0.22060 1.1535-1.2236 0.990 
n, sample size; M, Male; F, Female; a, Intercept; b, Slope ; CI, Confidence intervals; r2 , co-efficient of determination 
 
Table 5 — Descriptive statistics and estimated parameters of total length and standard relationships (TL=a+b × SL) of Clupisoma garua 
(Hamilton, 1822) in the Ganges river of north-western Bangladesh during May 2014-April 2015 
Month Sex n Regression parameters 95% CL of a 95% CL of b r2 
   a b    
May M 53 -0.4789 1.3363 -1.0935 to 0.1357 1.2914-1.3812 0.986 
 F 47 0.2131 1.2843 -0.6361 to 1.0623 1.2221-1.3465 0.975 
June M 50 0.1319 1.3032 -0.4896 to 0.7533 1.2623-1.3440 0.988 
 F 50  0.5874 1.2795 0.1896 to 0.9851 1.2542-1.3049 0.995 
July M 53 0.5366 1.2714 0.0518 to 1.0215 1.2397-1.3030 0.992 
 F 47 0.7203 1.2627 0.2440 to 1.1966 1.2336-1.2918 0.994 
August M 42 0.8859 1.2184 0.3040 to 1.4678 1.1782-1.2587 0.989 
 F 58 0.2831 1.2677 -0.4839 to 1.0501 1.2197-1.3147 0.981 
September M 61 0.2455 1.2714 0.0733 to 0.4177 1.2528-1.2900 0.997 
 F 39 0.2668 1.2729 -0.0428to 0.5764 1.2396-1.3063 0.994 
October M 52 -0.1402 1.3088 -0.3565 to 0.0762 1.2889-1.3287 0.997 
 F 48 0.0481 1.2890 -0.1338 to 0.2301 1.2737-1.3042 0.998 
November M 56 0.7338 1.2632 0.3704 to 1.0972 1.2334-1.2931 0.993 
 F 44 -0.0157 1.3239 -0.2804 to 0.2491 1.3034-1.3445 0.998 
December M 48 -0.7975 1.3740 -1.1985 to -0.3966 1.3421-1.4060 0.994 
 F 52 -0.3113 1.3292 -0.8910 to 0.1683 1.2929-1.3655 0.991 
January M 55 0.1641 1.2980 -0.1586 to 0.4868 1.2720-1.3240 0.995 
 F 45 0.0111 1.3061 -0.4728 to -0.4950 1.2685-1.3436 0.991 
February M 52 1.7525 1.1133 1.4453to 2.0598 1.0889-1.1377 0.994 
 F 48 0.7946 1.1594 0.2909 to 1.2984 1.1217-1.1971 0.988 
March M 51 -0.5619 1.3519 -1.0669 to -0.0569 1.3149-1.3890 0.991 
 F 49 -0.7269 1.3503 -1.3235 to -0.1304 1.3027-1.3929 0.989 
April M 52 1.1879 1.2211 0.6373 to 1.7385 1.1796-1.2625 0.986 
 F 48 0.2648 1.2846 -0.1846 to 0.7143 1.2522-1.3171 0.993 
n, sample size; M, Male; F, Female; a, Intercept; b, Slope ; CI, Confidence intervals; r2 , co-efficient of determination 
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TL ranged from 3.8-25.9 cm (BW=0.9-108.6 g) for male 
and 3.9-26.3 cm (BW=1.0-125.4 g) for female. The 
utmost length was higher than 25.3 cm TL reported by11 
but lower than 60.9 cm SL reported by19. For fishery 
resource development and management, the maximum 
length of the individual is very important20. 
The growth parameter is an essential tool for 
assessing the stock condition. The parameter b values 
vary between 2.5 to 3.521 and in the current study b 
value was in this limit. When b is close to 3 (b≈3.0), it 
indicates isometric growth, b>3.0 indicates positive 
allometric growth and b<3 means negative allometric 
growth22. On the basis of the b-values, both sexes 
exhibit negative allometric growth in most of the 
months except, June and August where male showed 
isometric growth, and in the month of December both 
sexes showed positive allometric growth.  
In addition, the overall growth pattern was negative 
allometric for both genders and was in accordance 
with the results of the study by 11. However, growth 
pattern may vary due to habitat condition, seasonal 
effect, level of stomach fullness, gonad maturation, 
health, preservation method and differences in the 
observation of length classes of collecting sample22,23, 
all of which were not considered in the study. 
The LLRs (TL vs. FL and TL vs. SL) were 
extremely correlated (p<0.001), with all r2 values 
greater than 0.975. Although, the LLRs may differ 
due to variations in the ecological condition of habits, 
the different body structure of fauna and length 
ranges24. Due to deficiency of available study on 
LLRs of this species, it was difficult to compare the 
finding with another study. In conclusion, the findings 
of this study would be potential for the sustainable 
fishery of this species in any habitat and would be a 
baseline for further study. 
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